The preservation methods as an alternative to chemical control to prevent postharvest quality losses of peppers were examined. The efficacy of harpin treatments on peppers (Capsicum annuum L. cvs. 'Demre', 'Yalova Charleston' and 'Sari Sivri') was tested in the same conditions in two different years. Peppers grown in greenhouse were applied with four treatments consisting of harpin, Botrytis cinerea, harpin+B. cinerea and control. The harpin in B. cinerea treatments reduced the percentage of rotten fruit in cv. 'Demre' from 42.68% to 22.85%, in cv. 'Yalova Charleston' from 60.87% to 26.59% and in cv. 'Sari Sivri' from 32.83% to 12.82%. The harpin and harpin +B. cinerea peppers had a better overall appearance at the end of shelf-life. Changes in percentage of red fruit and fruit color at the end of shelf life proceeded more slowly in the harpin treated fruit. The treatments of harpin gave the best results in all three cultivars. Moreover, the values obtained from fruits subjected to harpin+B. cinerea were better than those of the fruits picked from the plants only subjected to B. cinerea. In the trials, harpin slowed down the changes leading to quality loss in fruits, in all cultivars. Thus, the positive effect of harpin was revealed more clearly especially in the fruits picked from the inoculated plants.
Introduction
Pepper (Capsicum annuum L.) is an important crop grown extensively both in the field and in the greenhouses with high consumption rate due to its importance in rich vitamin contents for human diet. High rates of yield and quality losses occur in pepper because of a number of diseases encountered during growth (Zitter 2011) . Gray mold caused by Botrytis cinerea, a ubiquitous fungus distributed worldwide and reported to be a pathogen of plants in more than 200 genera, including Capsicum (Pernezny et al. 2003 ). The disease is common in pepper. It is generally more severe in plants grown in enclosures that maintain high relative humidity, such as plant beds or greenhouses, but it is also a threat to field-grown pepper crops. Furthermore, B. cinerea causes a postharvest decay of pepper (Pernezny et al. 2003) .
Use of plant activators, which have been developed against plant diseases in recent years, has become common with the developments in biological agriculture practices (Terry and Joyce 2004) . One of these bioactivators is the messenger consisting of harpin. Harpin is a new bioactivator that may be used as an alternative to control insects and fungi as well as to increase yield and quality (Gang and Liu 1999; Mayer et al. 2001) . It is isolated from Erwinia amylovora, the bacterial pathogen that causes fire blight disease. The ability of harpin to activate the growth and defense system of plants has encouraged the use of this product in Integrated Pest Management programs (Wei et al. 1992; Anonymous 2000) . Previous studies show that harpin modulates genes expression involved in cell wall modifi-cations, stress response, signal transduction, membrane transporting and photosynthesis system (Boccara et al. 2007; Chuang et al. 2010; Livaja et al. 2008 ). When harpin is applied to a plant, it binds to plant receptors. This binding process induces a cascade of responses that activate the expression of hundreds of genes, stimulating several of many genes that stimulate distinct biochemical pathways responsible for the enhancement of growth and pest resistance within the plant . Harpin may also aid in the suppression of insects and diseases as well as for the improvement of vigor, growth and increasing plant height, biomass fruit size, fruit quality and overall yield and stress tolerance (Copping and Menn 2000; Bednarz et al. 2002; Anonymous 2004) .
Since the moisture content of fresh fruits and vegetables is more than 80%, they are classified as highly perishable commodities (Orsat et al. 2006) . Keeping the product fresh is the best way to maintain its nutritional value, but most storage techniques require low temperatures, which are difficult to maintain throughout the distribution chain (Sagar and Kumar 2010) . To regulate the marketing and to get higher remuneration, it is necessary to prolong shelflife fruits and vegetables (Singh et al. 2010) . The objective of this study was to determine the effect of harpin treatments on the shelf life and quality of the fruit picked from B. cinerea infected pepper plants.
Materials and methods
Plant materials, growth medium and growth conditions The study was conducted at the Uludag University, Research and Training Greenhouse (glasshouses with automatically temperature and humidity control) and Cold Storage Unit in the same conditions in two different years. Seedlings produced from surface disinfected seeds were grown in 1.5 L capacity pots (one seedling per pot) containing soil and sand mixture (in 4/1 ratio) in greenhouse with a day/ night temperature regime of 22±2/18±2°C and 16 h photoperiod. Hand-harvest was started when fruit reached maturity, 136 days after pot transplanting in first year (15 May) and 140 days after transplanting in second year (19 May). Fruit were harvested at 15-day intervals (total five harvests). Fruit were sorted for uniform size, without wounds or rots.
The pepper cultivars 'Demre' (dark green color, thick fruit wall, sweet, long type pepper), 'Yalova Charleston' (yellow-green color, thick fruit wall, sweet, charleston type pepper) and 'Sari Sivri' (yellow-green color, sweet, long type pepper) (Anonymous 2003) which are widely grown in Turkey under protected cultivation were used in the trials. There were four treatments for each cultivar in the trials: 1) Harpin: The plants treated only with harpin, 2) B. cinerea: The plants inoculated with only artificial pathogen, 3) Harpin+B. cinerea: The plants treated both with harpin and artificial pathogen inoculum, 4) Control: The plants treated only with water.
Harpin treatments In the trials, foliar applications of the harpin were made three times per season, at 50 g (3% a.i.) 100 L −1 water. First application was applied when the plants were 15 days old, and the second and the third applications were made at 14-day intervals at a rate of 6-6.5 mg plant −1 a.i. (Akbudak et al. 2004 ).
Inoculation of the plants with B. cinerea One pathogenic isolate of B. cinerea obtained from pepper was cultured in petri plates containing PDA medium at 25°C for 10 days. Leaves were inoculated with 10 mL of a conidial suspension (10 6 conidia m L −1 ) per plant using a smallcalibrated hand sprayer (1.5 L capacity). Two-month-old plants (harpin-treated, non-treated) were inoculated with B. cinerea. After inoculation, the plants were held in closed polyethylene bags for 1 day and the disease caused by the pathogen progressed over a 2-month period.
Investigated quality parameters The following changes were examined in the fruit samples under shelf life conditions (22±2°C and 60±5% RH). Weight loss during shelf life was determined by weighing samples after harvest and at 5-day intervals during shelf life on a precision balance (Sartorius Co., Göttingen, Germany). Fruit were kept for 30 days under shelf life conditions following harvest in order to determine the percentage of rotten fruits. Number of decayed fruits was determined in comparison to the total number of fruits as a result of the measurements made during shelf life and the decay ratios were calculated in percentages. Changes in the external appearances during shelf life were evaluated by a jury of five persons (as 1-2 unusable, 3-4 unsalable, 5-6 salable, 7-8 good, 9-10 very good). The fruits were kept for 30 days under shelf life conditions in order to determine the percentage of red fruit. Samples that were more than 50% red area were classified as red. Number of fruits with red color was determined as a result of the measurements made at 5-day intervals during shelf life and the red fruit rates were determined in percentages. The colors of pepper fruits were determined by two readings on the two symmetrical faces of the fruit in each replicate, using a colorimeter (CR300, KonicaMinolta, Osaka, Japan) calibrated with a white standard tile.
Experimental design Anova procedures for a randomized complete block design were used to test for experimental factors (block and treatment). Treatment differences in weight loss, percentage of rotten fruit, overall appearance, percentage of red fruit, and fruit color were gauged by LSD (P<0.05). The analyses were carried out in 3 replicates so that there would be 30 pepper fruits in each replicate. Besides, analyses were carried out in the fruits taken at 5-day intervals during shelf life. Fruits were kept under shelf life conditions for 30 days after every harvest period.
Pepper cultivars used in the study were evaluated independently. The experiment was repeated in the same conditions in two different years.
Results and discussion
Weight loss Fruit weight losses increased in parallel to the prolongation of shelf life period (Figs. 1a, 2a and 3a), especially after 10 days-shelf life in all treatments. The lowest weight loss was recorded in fruits picked from plants treated with harpin, whereas the highest weight loss was observed in B. cinerea treated fruits in three cultivars. Moreover, the weight losses in peppers treated with harpin+B. cinerea (35.28% in 'Demre', 25.45% in 'Yalova Charleston') were similar to control (31.68% in 'Demre', 28.45% in 'Yalova Charleston') in cvs. 'Demre', 'Yalova Charleston' at the end of shelf life. In the same period, in cv.'Sari Sivri', harpin+B. cinerea (33.98%) showed less weight losses than control treatment (43.53%). Fruits treated with preharvest harpin are believed to have reduced water loss due to low rotten fruit during the shelf life period. Weight loss and fruit decay proceeded more slowly in the fruits exposed to harpin. The suppression of fungal growth by harpin, reduced fruit weight losses. Thompson (1998) observed weight losses up to 20-25% in peppers stored under normal atmosphere conditions, whereas losses did not exceed 3-5% in other storage techniques. Therefore, the weight loss during shelf life period may be higher because of high temperature and low humidity. Heavy water loss occurred in the fruits subjected to B. cinerea at the end of day 30. In these treatments, the overall appearance and quality values of pepper fruits diminished with the prolonging shelf life, probably depending on the water loss in fruits. This finding suggested increasing water in the fruits treated with B. cinerea. Our results are similar to those of Jacxsens et al. (2002) . In addition, Ozden and Bayindirli (2002) and Ayrancı and Tunc (2004) have used various treatments such as semperfresh (sucrose ester) which inhibited the weight loss in peppers, and they claimed that more successful results could be obtained by combining these treatments with controlled atmosphere storage. (Tables 1, 2 and 3) . Rotting commenced at the end of shelf life in cv. 'Sari Sivri' fruits inoculated with B. cinerea, whereas rotting appeared in cvs. 'Demre' and 'Yalova Charleston' fruits beginning from the 20th day of shelf life. Furthermore, the rotten ratio was lower in cv. 'Sari Sivri' fruits compared to cvs. 'Demre' and 'Yalova Charleston'. In general, harpin (18.81% in cv. 'Demre', 31.05% in cv. 'Yalova Charleston', 7.90% in cv. 'Sari Sivri') and harpin +B. cinerea (24.37 and 21.33% in 'Demre', 23.06 and 30.11% in 'Yalova Charleston', 20.00 and 5.65% in 'Sari Sivri') treatments resulted in lowest percentage of rotten fruits and the peppers had a better overall appearance at the end of shelf life. The severity of rotting in the fruit was significantly reduced especially when the fruit was treated with harpin. It is possible that resistance mechanisms triggered by harpin during the preharvest treatments remained active during the long storage period due to the effect low temperature on slowing cell metabolism, conse- quently reducing the degradation of resistance (Chen et al. 1998; Capdeville et al. 2003; Leon et al. 2007 ). Our results are in accordance with the previous studies. The spoilage ratios of the fruits taken from harpin+B. cinerea-treated plants were much lower compared with those picked from B. cinerea-treated plants. Capdeville et al. (2002) successfully reduced the disease progress curve of blue mold by applying harpin on apples and similar effect was also reported on controlled atmosphere stored fruit. In another study, spraying apple trees with harpin a few day before harvest was a promising strategy for reducing blue mold decay in stored apples (Capdeville et al. 2003) . In California, Tubajika et al. (2007) showed that plants treated with harpin were less likely to become infected with X. fastidiosa and had a lower incidence of PD symptoms than untreated control plants. Overall appearance In general, the overall appearance values of fruits along the shelf life diminished in parallel to the percentages of rotten and red fruits. These reductions proceeded faster in cv. 'Demre' (3.50 in control, 5.16 in harpin, 2.35 in B. cinerea, 4.49 in harpin+B. cinerea) (Fig. 1b) partially, compared with the other cultivars (2.83 in control, 4.16 in harpin, 2.49 in B. cinerea, 4.66 in harpin +B. cinerea for 'Yalova Charleston'; 3.00 in control, 4.21 in harpin, 2.33 in B. cinerea, 4.33 in harpin+B. cinerea for 'Sari Sivri) (Figs. 2b and 3b ). This cultivar was followed by cv. 'Sari Sivri' (Fig. 3b) . The fact that harpin, one of the most commonly used bio activators developed using biotechnological techniques, increased the resistance against plant pests and diseases has been supported by previous studies (Gang and Liu 1999; Bednarz et al. 2002) . In a different study, peppers were subjected to hot water treatment (55±1°C, 12±2 s), in this way fungi development was retarded and the overall appearance of peppers was improved (Fallik et al. 1999) . Some treatments like harpin retarded the fungi development, reduced the percentage of decayed fruits and improved the overall appearance values in peppers, as well as in some other crops.
Percentage of rotten fruit
Percentage of red fruit The chlorophyll evolution in the pepper varieties throughout their ripening is a subject which has also been studied by several authors due to the importance of their gradual transformation into carotenoids, responsible for color (Camara and Brangeon 1981; Ziegler et al. 1983; Carde et al. 1988 (Tables 1, 2 and 3). The b (yellow) values, which indicate the yellow color quantity, were lower in the fruits of plants subjected to harpin treatment compared with the control fruits in all cvs. The loss of green and yellow color was highest in B. cinerea treatment. Harpin application had less effect on color change when compared with other treatments. However, this value was high in inoculated with B. cinerea fruits. In all cultivars, B. cinerea caused a negative effect on color. On the other hand, harpin may be affected enzymatic degradation of chlorophyll. Accordingly, harpin treatments inhibited negative effect of B. cinerea inoculation. The color values of pepper fruits were affected by different criteria as previously reported by Gomez et al. (1998) .
Furthermore, Martinez et al. (2003) applied potassium treatments at low rates during the preharvest period in order to retard the color changes. Changes occurred in the physiological structure of plants following the harpin may positively affect the plant health and hence the fruit quality. Significant differences were determined in the changes in fruit quality criteria of the plants subjected to harpin or B. cinerea, compared with the fruit of the plants that were only inoculated, and harpin treatments were found to suppress the injury of B. cinerea fungus in the fruits. When the values related to the three cultivars used in the study were examined, cv. 'Yalova Charleston' was determined as the cultivars, which showed better response to the harpin treatment.
Conclusions
Harpin treatments not only retarded the changes in quality criteria by affecting the plant physiologically, but also improved the resistance of peppers to diseases and pests. According to our results, optimum shelf life period in peppers could be prolonged and may be longer than a shelf life of 20 days, as suggested by GonzalezAguilar and Tiznado (1993) , considering the changes in the other quality parameters. However, the efficacy of other systemic acquired resistance (SAR) inducers in prolonging shelf life is still unknown. Further research is needed to determine the effects of such inducers on the fruit quality.
